In inflammatory and infectious diseases, the presence of circulating cytokines in plasma strongly suggests, following their exacerbated production, that saturation of specific binding sites has occurred or that an equilibrium between receptor-bound and free cytokines has been reached. In this report, we demonstrate that in addition to circulating interleukin-8 (IL-8), high levels of cell-associated IL-8 were detected in blood samples from patients with sepsis syndrome. The following analysis will reveal that in addition to erythrocytes, which have been dubbed a "sink" for IL-8, peripheral blood mononuclear cells (PBMC) and polymorphonuclear cells (PMN) contributed to the detection of cell-associated IL-8. On a per cell basis, 2,000 to 7,000 times the amount of IL-8 was found associated with PMN than with erythrocytes. In addition, circulating cells may well be the source of the leukocyte-associated form of IL-8. Similarly, in vitro experiments, such as whole-blood stimulation assays or the addition of exogenous IL-8 in blood samples, demonstrated that a large proportion of the IL-8 was associated with leukocytes. This suggests that the trapping of free cytokines onto the cell surface and the internalization of the IL-8 bound to its receptor, occurring both in vitro and in vivo, allows the detection of this cell-associated form. This analysis of cell-associated cytokines was extended to IL-1ra, another component of the inflammatory response, which, in contrast to IL-8, has been demonstrated to exist as an intracellular form. Indeed, cell-associated IL-1ra was also detected in septic patients. The measurement of cell-associated proinflammatory and anti-inflammatory cytokines in patients is clearly a more reliable reflection of their production than is the simple measurement in plasma and may provide useful indication to further understand the inflammatory process.
In inflammatory and infectious diseases, the presence of circulating cytokines in plasma strongly suggests, following their exacerbated production, that saturation of specific binding sites has occurred or that an equilibrium between receptor-bound and free cytokines has been reached. In this report, we demonstrate that in addition to circulating interleukin-8 (IL-8), high levels of cell-associated IL-8 were detected in blood samples from patients with sepsis syndrome. The following analysis will reveal that in addition to erythrocytes, which have been dubbed a "sink" for IL-8, peripheral blood mononuclear cells (PBMC) and polymorphonuclear cells (PMN) contributed to the detection of cell-associated IL-8. On a per cell basis, 2,000 to 7,000 times the amount of IL-8 was found associated with PMN than with erythrocytes. In addition, circulating cells may well be the source of the leukocyte-associated form of IL-8. Similarly, in vitro experiments, such as whole-blood stimulation assays or the addition of exogenous IL-8 in blood samples, demonstrated that a large proportion of the IL-8 was associated with leukocytes. This suggests that the trapping of free cytokines onto the cell surface and the internalization of the IL-8 bound to its receptor, occurring both in vitro and in vivo, allows the detection of this cell-associated form. This analysis of cell-associated cytokines was extended to IL-1ra, another component of the inflammatory response, which, in contrast to IL-8, has been demonstrated to exist as an intracellular form. Indeed, cell-associated IL-1ra was also detected in septic patients. The measurement of cell-associated proinflammatory and anti-inflammatory cytokines in patients is clearly a more reliable reflection of their production than is the simple measurement in plasma and may provide useful indication to further understand the inflammatory process.
Interleukin-8 (IL-8) is an ␣-chemokine that is produced by many cell types, including monocytes/macrophages, fibroblasts, epithelial cells, endothelial cells, and neutrophils. IL-8 has a chemotactic activity for T lymphocytes, eosinophils, and basophils and is a potent chemoattractant factor for polymorphonuclear neutrophils (PMN). In addition, IL-8 is able to stimulate many PMN activities, including oxidative burst, exocytosis of specific granules, and release of proteases, as well as to enhance the expression of integrin on the surface of PMN (1) . As a result, IL-8 is an important proinflammatory cytokine, as demonstrated by the significant reduction of immune complex-induced alveolitis and glomerulonephritis and of lipopolysaccharide (LPS)-induced dermatitis and arthritis with anti-IL-8 antibodies (23, 35) . Its level in inflammatory fluids often correlates with the severity of the disease and the outcome of the patients, as found in bronchoalveolar lavage samples from patients with acute respiratory distress syndrome (6, 14, 32) and in plasma of patients with sepsis syndrome (15, 20, 31) . Circulating cytokines represent the "tip of the iceberg" (5) , and investigations at the cellular level can provide further information, such as that which we obtained when following up on the levels of cell-associated IL-1 and tumor necrosis factor alpha (TNF␣) in hemodialyzed (22) and septic (36) patients. In the case of IL-8, the investigation was particularly relevant, as had previously been described that erythrocytes can efficiently trap exogenous IL-8 and thereby function as a "sink" for IL-8 (12) . Erythrocytes can specifically bind to IL-8 and other chemokines (38) via the Duffy antigen (25) . The number of sites detected on erythrocytes has been estimated at between 800 and 9,000, with a K d of 5 to 9.5 nM (12, 25, 38) . That erythrocyte-bound IL-8 is detectable in humans undergoing IL-1 or IL-2 immunotherapy long after IL-8 had disappeared from plasma suggests that such assessments more precisely reflect the IL-8 production over time in vivo (49, 50) . However, it has been observed that a large amount of IL-8 could be found as a cell-associated form following lipopolysaccharide (LPS) activation of leukocytes in a whole-blood assay (4) . In in vitro experiments, cell-associated IL-8 could be found following activation of isolated alveolar macrophages (28) , monocytes (16) , and PMN (37) . In this report, we further analyze the nature of the peripheral blood cells which contribute to this detection of cell-associated IL-8 upon activation by endotoxins. We postulate that in addition to the Duffy antigen, the receptors on the surface of leukocytes contribute in part to the detection of the cell-associated IL-8. Indeed, all neutrophils, all monocytes, a majority of NK cells and 5 to 25% of lymphocytes express IL-8 receptors (IL-8 RA and IL-8 RB) (9, 33) . These receptors are expressed in great numbers on PMN (n ϭ 14,000 to 75,000) and have a great affinity for this cytokine (K d ϭ 0.2 to 4 nM) (19, 34, (40) (41) (42) . Furthermore, upon analysis of septic patients, both circulating IL-8 in plasma and large amounts of cellassociated IL-8 were observed. We further characterized the relative contribution of leukocytes and erythrocytes to the detection of this cell-associated IL-8.
MATERIALS AND METHODS
Patients. Twelve patients with sepsis syndrome, as defined by Bone et al. (2) , were studied upon admission to intensive care units and, in some cases, for several days following their admission. The study included eight men and four women, the average age being 60 Ϯ 5 years (range, 21 to 74 years) and the mean simplified acute physiology score being 18 Ϯ 2. There were four cases of septicemia, two of septic shock, one of cellulitis, two of pneumonia, one of peritracheostomial abscess, and two of peritonitis. The outcome was survival for five patients.
Isolation of human mononuclear and polymorphonuclear cells and erythrocytes. Blood was drawn on heparin (20 IU/ml) from volunteers or from patients. Then 1 volume of MSL (Milieu de Séparation des Lymphocytes; Eurobio, Les Ulis, France) was layered on 1 volume of Polymorphoprep (Nycomed; Pharma AS, Oslo, Norway), and then 1 volume of blood diluted 1:2 in RPMI 1640 medium (Bio-Whittaker) was layered on MSL. After centrifugation for 30 min at 15ЊC and 500 ϫ g, the two cell layers containing either the mononuclear cells or the polymorphonuclear cells and the erythrocyte pellet were washed and centrifuged once for 5 min at 300 ϫ g. The cells were then counted in 0.1% eosin. In some experiments, as mentioned above, leukocytes and erythrocytes were recovered following a 30-min incubation of whole blood with increasing amounts of recombinant human (rh) IL-8.
In vitro culture. Whole-blood assays were performed with undiluted blood cultured in flasks (Filter Vent Flasks, 25 cm 2 ; Nunclon, Rosklide, Denmark) at 37ЊC in a 5% CO 2 incubator for 30 min or 2 h depending on the experiment. Polymorphonuclear cells (2 ϫ 10 6 cells/ml) were prepared as followed. First, 10 volumes of blood was mixed with 2 volumes of glucose dextran (3% glucose, 3% Dextran T250 [Pharmacia, Uppsala, Sweden]), and the leukocytes were recovered following a 40-min sedimentation at room temperature. Then the leukocytes were diluted 1:2 in RPMI 1640 medium and layered on Ficoll-Hypaque (MSL; Eurobio, Les Ulis, France). The ratio was 2 volumes of leukocytes to 1 volume of MSL. After centrifugation for 25 min at 15ЊC and 500 ϫ g, the cell pellet was washed and centrifuged once for 5 min at 300 ϫ g. Contaminating erythrocytes were lysed following a 5-min incubation of the cell pellet at 4ЊC, resuspended in 5 ml of lysis buffer (8.32 g of NH 4 Cl per liter, 0.84 g of NaHCO 3 per liter, 43.2 mg of tetrasodium EDTA per liter). Lysis was stopped by adding a large excess of RPMI 1640 medium, and the cells were washed and centrifuged for 10 min at 200 ϫ g. The viability of PMN was assessed by counting the cells in 0.1% eosin. A nonspecific esterase staining was performed to evaluate monocyte contamination, which never exceeded 0.5%. PMN were cultured in RPMI 1640 medium supplemented with L-glutamine (300 mg/liter), antibiotics (penicillin, 100 IU/ml; streptomycin, 100 g/ml), and 5% heat-inactivated normal human serum (a pool of sera from healthy volunteers). A 0.5-ml portion of PMN suspension per well was incubated in a 5% CO 2 incubator in 24-well multidish plates (Nunclon) for 24 h at 37ЊC. The cell viability after 24 h ranged from 64 to 84%. Stimuli were added at the beginning of the culture in a volume not exceeding 10 l. At the end of the culture, the supernatants were harvested, centrifuged for 10 min at 300 ϫ g and 15ЊC, and kept at Ϫ20ЊC before cytokine assessments.
Assessment of cell-associated forms of cytokines. In whole-blood samples, 1 ml of blood was centrifuged for 10 min at 500 ϫ g. Plasma was harvested and kept at Ϫ20ЊC before cytokine assessments. The cell pellet was lysed in 100 l of lysis buffer (TRAx buffer; T-Cell Sciences, Inc., Needham, Mass.) before addition of RPMI 1640 medium to achieve a 1-ml total volume. One volume of this lysate was then diluted 1:2 in TRAx buffer diluent reagent (T-Cell Sciences, Inc.).
Pellets of isolated PMN, peripheral blood mononuclear cells (PBMC) or erythrocytes were lysed in 100 l of TRAx lysis buffer before addition of RPMI 1640 medium to achieve 500 l and addition of 500 l of diluent reagent. At the end of the culture period, the PMN pellets were lysed by adding 100 l of TRAx lysis buffer before adding 100 l of diluent buffer and 300 l of RPMI 1640 medium.
Reagents. Escherichia coli (O111:B4) LPS was purchased from Sigma (St. Louis, Mo.). TNF␣ was obtained from Rhône Poulenc (Vitry/Seine, France), Neisseria meningitidis LPS was the generous gift of Martine Caroff (Institut de Biochimie, Orsay, France), and recombinant human IL-8 was purchased from Immugenex (Los Angeles, Calif.).
Cytokine ELISA. The IL-8 enzyme-linked immunosorbent assay (ELISA) was performed as previously described (31) with a monoclonal anti-human IL-8 antibody and a rabbit polyclonal anti-IL-8 antibody graciously provided by N. Vita (Sanofi Recherche, Labège, France). The sensitivity of the ELISA was 3 pg/ml. We ensured that the TRAx buffer did not interfere with the accuracy of the ELISA. In experiments where defined amounts of IL-8 were added to blood, the total recovery after the treatment with the TRAx buffer was close to 100%. The IL-1 receptor antagonist (IL-1ra) ELISA system was purchased from R&D Systems and used as specified by the manufacturer.
RESULTS
Detection of cell-associated IL-8 upon cell activation. Little or no IL-8 could be detected in plasma from healthy donors, whereas small amounts of cell-associated IL-8 were always found following blood sampling of the volunteers (Fig. 1A) . Stimulation of leukocytes by LPS in a whole-blood assay leads to the production of IL-8. Significant and similar amounts of IL-8 could be detected in the cell supernatants as well as associated with the whole-cell pellet. To allow efficient leukocyte recovery and particularly to obtain a good yield of PMN, short stimulation (i.e., 2 h) of whole blood was performed before cellular purification. Further analysis on isolated cells revealed that the highest levels of cell-associated IL-8 were detected with the PMN and the PBMC whereas very low levels were detected in association with the erythrocytes on a per-cell basis ( Fig. 1B and C) . The levels of PMN-associated IL-8 was 3 ϫ 10 4 -fold higher than that recovered with the erythrocytes. Even when taking into account the relative number of erythrocytes, PMN, and PBMC per milliliter of blood, the contribution of erythrocytes to the detectable cell-associated IL-8 remained low.
To determine whether released and cell-associated forms could be detected in cultures of isolated cells, we further analyzed isolated PMN. As shown in Fig. 2, a detection of large amounts of IL-8 in both supernatant and cell-associated compartments. It is worth noting that a plateau of saturation for the cell-associated form was reached at a lower concentration of activators than had been observed for the free form found in the cell supernatants.
Interaction of exogenous IL-8 with leukocytes and erythrocytes. To estimate the contribution of the different IL-8 receptors on the circulating cells, we analyzed the interaction of IL-8 with blood cells by adding exogenous recombinant human IL-8 to blood samples. As shown in Fig. 3 , IL-8 associated rapidly with erythrocytes as well as PBMC and PMN in a dose-dependent fashion. When small amounts of rh IL-8 were added (1 to 10 ng/ml), most of the cytokine was linked to the cells and only 4 to 6% was recovered in the supernatant 30 min later. The largest amount was associated with PMN, and a saturation plateau was reached with 10 ng/ml, whereas levels of PBMCand erythrocyte-linked IL-8 continued to augment with increasing amounts of added rh IL-8. On a per-cell basis, within the range of 1 to 10 ng of rh IL-8 per ml, the amount of the chemokine associated with PMN (300 to 3,000 pg/10 6 cells) was 2 ϫ 10 4 -to 1 ϫ 10 5 -fold larger than that observed with erythrocytes (0.015 to 0.04 pg/10 6 cells). It should be noted that 1 to 10 ng of IL-8 per ml corresponds to concentrations compatible with the physiological quantities found in plasma of septic patients.
Assessment of cell-associated IL-8 and IL-1ra in septic patients. While circulating IL-8 was found in the plasma of all 12 patients with sepsis syndrome upon admission to the intensive care unit (mean Ϯ standard error of the mean [SEM] ϭ 145 Ϯ 40 pg/ml), high levels of IL-8 could also be found associated with whole blood cells (mean Ϯ SEM ϭ 3,488 Ϯ 1,188 pg/ml). These levels of free and cell-associated IL-8 correlated significantly (r ϭ 0.81; P ϭ 0.0013).
In following up on three of the patients, both forms of IL-8 were detected over a long period after admission (Fig. 4) . The ratio between cell-associated IL-8 and plasma IL-8 was within the range of 3.4 to 41.2. The increase and decrease of cellassociated IL-8 found during the follow-up of the patients paralleled that of plasma IL-8 on a more pronounced scale. PBMC, PMN, and erythrocytes were fractionated from blood samples obtained from septic patients to further analyze the nature of the IL-8-associated cells. As shown in Fig. 5 , the presence of IL-8 was essentially associated with leukocytes on a per-cell basis. Depending upon the patient, the amounts of erythrocyte-associated and PMN-associated IL-8 were 0.014 to 0.118 pg/10 6 cells and 13.5 to 183 pg/10 6 cells, respectively. As shown in Table 1 , a similar technical approach could be used to measure and compare levels of circulating and cellassociated IL-1ra. In contrast to IL-8, levels of cell-associated IL-1ra were not always higher than those of circulating IL-1ra. The ratio between the levels of the two forms ranged from 0.3 to 18.7.
DISCUSSION
In inflammatory and infectious diseases, the presence of circulating cytokines in plasma strongly suggests, following their exacerbated production, that either saturation of specific binding sites has occurred or an equilibrium between receptorbound cytokines and free cytokines has been reached (5). In the case of IL-8, many cells within the vessel can bind this chemokine. This is the case with endothelial cells, which specifically bind to IL-8 via the IL-8 RA (44) and the Duffy antigen (21) . In addition, most circulating blood cells have the capacity to bind to IL-8. This is the case for erythrocytes, via the Duffy antigen (12, 25, 26, 38) , and leukocytes, via IL-8RA and IL-8RB receptors (9, 33) . Consequently, the presence of detectable free IL-8 in plasma could be associated with that of IL-8 on the surface of these cells. Because the endothelium compartement is difficult to analyze in patients, we focused our attention on circulating cells in an attempt to analyze the relative contribution of these cells to the detection of cellassociated IL-8. Darbonne et al. (12) , who proposed that erythrocytes were a "sink" for IL-8, focused most of their attention on the erythrocyte compartment. In agreement, Tilg et al. (49, 50) described the presence of such erythrocyte-bound IL-8 in IL-1-and IL-2-treated patients. It was only recently that the cell-associated IL-8 was investigated with other cell types such as neutrophils, monocytes, and alveolar macrophages by using in vitro activation to allow the detection of cell-associated IL-8 (16, 28, 37) . We demonstrated that following PMN activation by LPS and TNF-␣, IL-8 could be measured in the cell supernatants as well as associated with the PMN. These results are in agreement with those reported by Kuhns and Gallin (28) , who also showed that cell-associated IL-8 was demonstrable from neutrophils harvested from skin lesions of normal human volunteers. These authors specified that the accumulation of IL-8 within PMN was localized to a subcellular fraction of heterogeneous light membranous organelles.
There is very little data available that describes the presence of cell-associated IL-8 from human diseases. However, the influence of cardiopulmonary bypass on cell-associated IL-8 has been reported (27) . Interestingly, 24 h after cardiopulmonary bypass, significant levels of leukocyte-associated IL-8 were documented while no plasma IL-8 was detected. We have undertaken the analysis of cell-associated IL-8 in septic patients, who are well known to have circulating IL-8 (15, 20, 31) . Thanks to the TRAx buffer, generously provided by T-Cell Sciences, Inc., we have demonstrated the presence of large amounts of IL-8 within the whole-cell lysates of blood samples from septic patients. Depending on the patients and the sampling time during the evolution of the sepsis syndrome, the levels of cell-associated IL-8 were 3.4 to 41.2 times higher, per milliliter of blood, than were the levels in plasma. Furthermore, we analyzed the nature of the circulating cells contributing to the detection of cell-associated IL-8 measured in whole blood. This is the first report which clearly demonstrates that in addition to the expected erythrocyte-bound IL-8, leukocytes do contribute to an important level of cell-associated IL-8. Moreover, on a per-cell basis, the amount of IL-8 associated with PMN was twice that found with mononuclear cells and 4,680 Ϯ 2,470 times that found with erythrocytes. Taking into account the relative number of circulating cells, 78.5 to 92% of the detectable cell-associated IL-8 in blood are linked to PMN. While this study does not investigate the possible capture of IL-8 by platelets, the recent report on IL-8 in stored platelet concentrates (47) , the description of IL-8 receptors on platelets from patients with ulcerative colitis and Crohn's disease (43) , and our preliminary observations in whole-blood assays all suggest that trapping of circulating IL-8 could also occur at the platelet level.
The contribution of circulating IL-8 and that associated with peripheral leukocytes to the clinical symptoms observed during sepsis syndrome is unclear. IL-8 is involved in PMN activation, and evidence of neutrophil activation in septic patients has been reported (39, 51) . Furthermore, the contribution of PMN to the tissue damage and organ dysfunction associated with sepsis syndrome has been well established in animal models (24, 30) . However, IL-8 found in the circulating compartment desensitized PMN and possibly lymphocytes as well to further responsiveness to chemoattractant signals, delivered consecutively within the tissues (10, 11, 18, 45, 46) . Such deactivation may limit the margination of inflammatory cells toward organs and reduce the possible development of multiple organ failure often associated with sepsis syndrome.
The cellular origins of this circulating IL-8 are probably multiple. For example, the endothelial cells, difficult to analyze in patients, are a putative potent source of . It is worth noting that anti-inflammatory cytokines such as IL-4 and IL-10 enhance the release of IL-8 by LPS-activated endothelial cells (13) . In addition, monocytes, lymphocytes, and neutrophils can produce IL-8 upon activation by exogenous microbial products and inflammatory cytokines such as IL-1 and TNF (see reference 1 for a review) or, in the case of T lymphocytes, by IL-8 itself (17) . The presence of IL-8 mRNA in the leukocytes of septicemic patients has already been reported (15) . We also detected IL-8 as well as IL-1ra mRNA (7) in PBMC and PMN from some septic patients and from some healthy controls (data not shown), thus illustrating that circulating mononuclear leukocytes and PMN can contribute to the production of IL-8 and IL-1ra.
In vitro experiments involving whole-blood assays show similar results to those observed in patients. Activation of whole blood with LPS led to the detection of large amounts of cellassociated IL-8. As in the in vivo case with septic patients, the amounts of PMN-associated IL-8, on a per-cell basis, were close to those on PBMC; in contrast, they were 3 ϫ 10 4 -fold the amounts found associated with the erythrocytes. Similarly, when exogenous rh IL-8 was added to blood samples, a majority of the chemokine was found associated with PMN and 2 ϫ 10 4 -to 1 ϫ 10 5 -fold-smaller amounts were found associated with the erythrocytes. In view of the relative number of the receptors (less than a 10-fold difference) and the relative affinity constants of IL-8RA, IL-8RB, and the Duffy antigen (less than a 10-fold difference) (12, 19, 26, 34, 38, (40) (41) (42) , such a discrepancy remains difficult to explain. The relatively reduced contribution of PMN to the detection of cell-associated IL-8 in septic patients compared to that in the in vitro experiments may reflect the involvement of different mechanisms.
To allow a sufficient recovery of PMN following blood activation with LPS or incubation with recombinant IL-8, short incubation periods were required. Indeed, the yield of recovered PMN diminished with increasing lengths of incubation of the in vitro blood samples at 37ЊC (data not shown). One can infer, as well, that in vivo circulating cells are in contact with plasma IL-8 for a longer period and that trapping of the circulating cytokines, internalization, and modulation of receptor expression had occurred. Indeed, the expression of the IL-8 receptors on the surface of PMN is itself down-regulated by IL-8 (8, 42) , and in septic patients, other factors such as LPS can contribute to the lower expression of the IL-8 receptors (29) . The range of PMN-associated IL-8 found in different patients (from 14 to 183 pg/10 6 cells) suggests that such regulation had occurred in patients who have different infectious processes and are at different stages of their sepsis syndrome.
The fact that a similar ratio between PMN-associated and erythrocyte-associated IL-8 was found in the experiments where IL-8 was produced upon in vitro cell activation or in experiments where exogenous IL-8 was added strongly suggests that most of the observed cell-associated IL-8 is a result of the interaction of the chemokine with its various receptors. As it has been found that bound IL-8 is rapidly internalized by PMN (42) , one can speculate that following cell lysis by the TRAx buffer, intact IL-8 linked to its receptor and most internalized IL-8 are both detectable in our ELISA. Indeed, only one-fifth of the cell-associated IL-8 measured following lysis of the cells by the TRAx technique could be recovered following treatment of the cells with a glycine-HCl (pH 2) buffer, which is known to release ligands from their receptors (data not shown). However, one cannot exclude the fact that part of the cell-associated IL-8 corresponds to newly synthesized cytokine remaining within the cells. However, among cytokines and growth factors, only IL-1, IL-1ra, and ciliary neurotrophic factor, lacking signal peptides, can accumulate within the cells. To our knowledge, no such accumulation during the synthesis process has been demonstrated for IL-8, although it is possible that IL-8 exists in some PMN granules. A proportion of the newly synthesized IL-8 remaining within the cells could be estimated by blocking the internalization of the released IL-8 by either anti-IL-8 RA and RB, by IL-8 antagonists, or by anti-IL-8 antibodies. In contrast, it is most likely that levels of cell-associated IL-1ra reflected other mechanisms than those proposed for IL-8, since it is known that a great part of the IL-1ra production remains cytoplasmic and is not released (3) .
The measurement of cell-associated cytokines in patients is clearly a more reliable reflection of its production than is their measurement in plasma. ELISAs were used, but similar information can be provided by flow cytometry, as recently demonstrated for cytoplasmic IL-1␤ in mononuclear cells from patients in the intensive care unit (52) . Both analysis can be extended to many components of the inflammatory response. For example, the use of the TRAx buffer allowed the detection of cell-associated IL-1ra. Similarly, approaches have been undertaken to evaluate the relative ratio between a given receptor in its soluble form and on the surface of the cells (data not shown). This determination of the ratio between an inhibitor and an effective signal transmitter may provide useful information to further understand the inflammatory process. a Patients 1, 2, and 3 are the same as those in Fig. 4 . b The data are expressed as amount per milliliter of blood.
